Abstract: A novel ignition system was studied experimentally, in which small volumes of hydrogen peroxide -of the order of mL/s -were injected at the site of ignition, during the firing of a focus discharge igniter. Experiments were made at an atmospheric testing facility using an industrial Rolls-Royce olympus combustion chamber with kerosene Jet A 1 as the fuel and atmospheric air as the oxidizer. The study concentrated on the determination of the lean ignition limits of the Jet A 1 -air mixture at various air mass flowrates with and without the addition of H 2 O 2 . Notable improvements, from 6.5 per cent to 44 per cent, in the ignition limits of the keroseneair mixture were attainable using only a small amount of H 2 O 2 during the ignition process. The study suggests that these improvements are directly related to the increase in the ignition efficiency of the igniter.
INTRODUCTION
Over the past two decades, an increased interest has arisen in extending the lean operation limits of gas turbine engines. This trend for leaner mixtures has been stimulated by the potential for improving engine emission characteristics and for lowering the turbine inlet temperature; hence efficiency. For landbased gas turbines, apart from the difficulty in initiating combustion at fuel:air ratios well below the stoichiometric, a problem arises in maintaining the stability of the flame. For aero-engines, at high altitudes, the need to ignite a combustible mixture with low inlet temperatures and a poor degree of fuel atomization -due to low pressures -is critical. Combustion termination may occur due to transient changes in the engine airflow during aircraft manoeuvres, gas exhaust ingestion following the release of a missile, severe ice, water, or dust ingestion, and other unpredictable situations. The situation of a flame-out during flight can be stressful even for a highly skilled pilot and may become fatal in a short time by a bad follow-on decision. In some cases, failure to re-ignite the engine will lead to a high-speed descent, stall of the compressor blades, loss of control of the aircraft, engine airflow disruptions, bad fuel-air mixing, low fuel atomization, increasingly high loads on the aircraft's control surfaces that make recovery impossible, etc. All these conditions make further re-ignition attempts even more difficult. A quick and stable re-ignition while the aircraft is still under control is essential for preventing these dangerous situations from occurring, but for successful ignition the aircraft has to be below the altitude specified by the manufacturer. Consequently, the high-altitude re-lighting specification limits the operational conditions of current aero-gas turbines. The size and weight of the engine depend strongly on these re-lighting characteristics. More effective ignition systems are therefore required in order to increase the ignition performance of gas turbine engines and to widen their operational envelope.
A common igniter used in these engines is the surface discharge igniter (SDI). The design of the SDI comprises a central electrode and an outer electrode separated by a semiconductor. The igniter expels the plasma electromagnetically [1, 2] . Only 10 per cent of the energy is transferred to heat the mixture from the 2-3 J which are provided to the spark [3] . The remainder energy is lost by conduction, radiation, and shockwave dissipation [4] .
One similar but not so well-known igniter is the focus discharge igniter (FDI) shown in Fig. 1 [3] . In the FDI, the central electrode is placed below the outer electrode in a way that, at its end, there is a gap between the cylindrical inner and outer electrodes and the electrodes are separated by a semiconductor. This has the effect of lengthening the distance between the inner and outer electrodes and better matching of the impedance of the ignitor and spark source. A 'soup of ions' is formed by an arc discharge within this cavity from which it is expelled by a high-pressure gradient created between the medium in the cavity and the unburned gas [2, 5] . The advantages of FDI igniters are found to be the higher velocities and reaction rates and the increased production of radicals, which are proven to chemically augment the combustion and stability of the system. There is a small difference between plasma jet igniters (PJIs) and FDIs. PJIs usually feed continuous gas into the cavity of the igniter (continuous plasma jet) [5, 6] in order to enhance radical production. FDIs, on the other hand, create a plasma discharge with whatever exists at the cavity of the igniter during the operation of the engine [3] . The design can be considered similar to a simplified pulsed plasma jet igniter (PPJ) [6, 7] but without any supply of a specific plasma medium.
Extensive work has been conducted to identify the key design parameters that augment combustion initiation. Due to the complexity of the whole combustor system, the energy losses from an ignition system cannot be fully deducted and this problem prevents the design of a highly efficient igniter. It has been observed by many researchers that by feeding different media to the PJI, the ignition characteristics change. Experiments with feeding oxygen [8] [9] [10] [11] , hydrogen [11] , and hydrocarbon gases [11, 12] to the cavity of the igniter have shown that they improve ignition performance. It was concluded that the supply of their associated radicals (i.e. the plasma medium) is crucial. Some media enhance combustion while others do not affect the ignition characteristics of the engine [9] . It has been reported by many that it is the free radicals O, H, and OH, produced by some of the plasma mediums, that play a very important role in the augmentation of the ignition process [8] [9] [10] [11] [12] [13] [14] .
Past work indicates the characteristics of FDI and plasma igniters [8, 15] . The arc discharge appears to heat only a relatively small fraction of the gas to very i ii iii Fig. 1 Experimental FDI and modifications: (i) standard FDI igniter before modifications; (ii) drawing of the modifications made to the standard FDI igniter showing the installation of the hypodermic tube; and (iii) the modified FDI igniter high temperatures. This results in the formation of small hot pockets of highly active species [8, 16, 17] . Moreover, the pressure increase inside the cavity due to the discontinuity created by the electrode breakdown should ensure that the radical 'soup' will reach the combustible mixture. A turbulent boundary layer is formed between the hot gases and the surroundings due to the dissipation of energy of the high-speed plasma as it travels through the cold gases. When the hot gases move away from the tip, there is less conductive heat loss to the solid surface of the igniter [1] . Hence, ignition should ideally be initiated away from the chamber walls in order to reduce the quenching of the reaction by the cold walls [18] .
Aims and objectives
The ultimate aim of the overall project is to create an ignitor system which will produce small amounts of hydrogen peroxide by passing some of the engine's fuel over a catalyst. The hydrogen peroxide created by such a catalytic process will then be injected into the igniter. The idea is to increase the performance of the igniter by extending the lean ignition limits of the engine. As a first step towards this idea of a new ignition system, this study shows the improvement achieved by the addition of hydrogen peroxide, at the site where the breakdown of the spark takes place, during ignition. For this purpose, the experiments undertaken concern firing a modified FDI. The modifications made enable the supply of liquid hydrogen peroxide to the cavity of the FDI igniter.
Bio-inspiration: the bombardier beetle
The project was inspired by the study of the Brachinus Crepitans (Bombardier) beetle. As the name suggests, these beetles are 'bombarding' their predators with a hot (~100 C) spray when they feel in danger. They are of particular interest because they are the only known living organisms that carry a reaction chamber which is used to bring hydroquinone and hydrogen peroxide chemicals together to produce an exothermic reaction. The apparatus of their defence mechanism has been studied extensively by Eisner [19] [20] [21] and his research group at Cornell University in New York.
Furthermore, the physics behind this ejection mechanism was studied by the research group at the University of Leeds [22] [23] [24] [25] [26] [27] [28] . The ejection mechanism was reproduced successfully in the lab by building a scaled-up device that mimicked the beetle's valve system, but using heaters to heat the liquid to the desired temperature. Using this device, a droplet spray where 90 per cent of the droplets are about 5 mm in diameter has been achieved.
The beetle is known to activate the hydroquinone and hydrogen peroxide reaction using catalysts peroxidise and catalase. Inspired by the beetle's chemistry, the authors decided to investigate how the ignition process of a gas turbine combustor could be improved by the presence of H 2 O 2 . The principle idea is that the system receives a chemical 'boost' by introducing a solution of hydrogen peroxide to the combustion chamber.
In gas turbine igniters, if local dissociation and breakdown of the hydrogen peroxide can be achieved by a high electrical current, temperature, and pressure at the zone where the spark initiates, then it is expected to produce a radical increase to the reactive material (spark), which will eventually come into contact with the fuel:air mixture. With the addition of the hydrogen peroxide, the breakdown of the medium by the ignition spark will include quantities of O, OH, and H radicals. It is plausible that some of the injected H 2 O 2 rather than staying in the igniter cavity could escape as vapour into the combustor between the ignition pulses. The escaping vapour could affect directly the kerosene chemistry and its ignition properties. Either way, the associated radicals of the injected H 2 O 2 medium will play an important role in the chain reaction mechanism of ignition.
MATERIALS AND METHODS
Experiments were made at the Low Carbon Combustion Centre laboratories in Sheffield, UK. The experiments were conducted in an atmospheric testing facility of an industrial Rolls Royce Olympus liner with kerosene fuel and air as the oxidizer. Figure 1 shows the FDI igniter that was used throughout the experiments. The igniter was modified in such a way that a hypodermic tube was installed carefully along the outer electrode which was used to pass liquid hydrogen peroxide to the cavity of the igniter (Fig. 1 ). Liquid hydrogen peroxide was selected because the radicals that can be created by the presence of the hydrogen peroxide near the zone where the spark initiates are all expected to augment combustion. The liquid hydrogen peroxide is assumed to vaporize after inserted into the combustion chamber and to dissociate while passing through the spark ignition zone during ignition.
The concentration of hydrogen peroxide used throughout the experiments was a 50 per cent by weight solution in water. The rate of injection of the hydrogen peroxide was controlled by a medical syringe driver Graseby 3100. The pump was calibrated prior to the conduction of the experiments. The 25 mL syringe that contained the H 2 O 2 was connected to the hypodermic tube using a thick silicon pipe. It should be highlighted that the modified igniter was installed to the combustor without any other modifications. The ignition spark was generated by a standard Lodge S26631 ignition unit, which was the original power source of the Olympus testing facility. The position of the igniter was at 90 relative to the horizontal plane. A series of ignition experiments were conducted with the modified FDI igniter in order to test the effect of different hydrogen peroxide injection volume rates arbitrarily chosen as 0, 2.7, 5.4, and 10.8 mL/s. The engine air flowrates studied were about 0.2, 0.4, 0.6 and 0.8 kg/s. The experiments investigated the low lean limits of ignition of the Jet A 1 kerosene fuel, at the air flowrates and hydrogen peroxide flowrates stated, in order to determine any improvements in the ignition efficiency of the modified FDI igniter. The lean limits were determined using the 60 per cent probability of ignition criterion at the same air and fuel flows [3, 6] . An ignition was called successful after three out of five consecutive successful light attempts. It should be highlighted that the mass flowrates of the injected hydrogen peroxide studied were from 600 to 4000 times smaller than the corresponding fuel flowrates. Moreover, although some quantity may reside locally at the recirculation zone between ignition pulses during an ignition attempt, most of the hypothetically evaporated H 2 O 2 will be blown away from the combustor with the cold fluid flow.
Rig control and data acquisition
A Labview program was devised to control the ejection of the liquid hydrogen peroxide into the igniter and to accumulate data for each ignition attempt. Air and fuel flowrates were controlled manually. The air mass flow was controlled through a pneumatic butterfly valve. The fuel flow was controlled with a pneumatic needle valve. The inputs to the rig were air mass flow, fuel flow, hydrogen peroxide injection, and electrical ignition. By the start of each experiment, the automated program had to start the fuel flowing and wait for 4.5 s, time which was sufficient to achieve stability of the fuel supply. During this time, the H 2 O 2 infusion pump was started 1.8 s before triggering the igniter at the pre-set hydrogen peroxide flowrate. After the first 4.5 s, the igniter was fired and was kept discharging for 10 s at a pulse rate of 108 discharges per minute. If the ignition attempt was successful, then the engine was left running for 10 s before the fuel supply was shut off to ensure that the light was stable. The ignition sequence could only be initiated if the exhaust temperature was below 50 C to prevent ignition enhancement due to the elevated temperature. Between no-light attempts, the engine was left with only the air running for more than 20 s, time sufficient to clear out any unburned fuel or H 2 O 2 . The air mass flowrate was measured using an orifice plate method to BS EN ISO 5167;2003. The pressure drop across the rig was measured using a ABB 600T series pressure transmitter. The fuel flow was measured using an Endress and Hauser promass 60 corriolis. The exhaust temperature was measured using two K-type thermocouples with cold junction compensation where it was connected to Labview. The position of the thermocouples was 20 mm away from the combustor end at 225 and 315 each with respect to the horizontal plane and 50 mm inside the combustor casing. All the sensors used were calibrated to a traceable, independently audited system and according to UKAS standards.
All reading accuracy errors were considered in this study for the ranges handled. The mass flowrate error is AE1.5 per cent. The fuel flowrate reading error is AE1 per cent. The pressure transmitter is accurate to AE2 per cent. The hydrogen peroxide volume rate was calibrated to AE0.1 per cent.
EQUIVALENCE RATIO CALCULATIONS
The simplified chemical formula of C 11 H 21 is considered as an acceptable approximation for the Jet A 1 kerosene fuel. Since the hydrogen peroxide is highly flammable, in order to calculate the new equivalence ratio, the amount of H 2 O 2 that was injected into the combustor was counted as extra hydrogen and oxygen to the original kerosene fuel. In other words, the kerosene was assumed to be enhanced by the H 2 O 2 additive
The mass flowrate of the kerosene fuel is _ m f 1 ¼ 153 _ n 1 (kg) and the volume rate of the infused hydrogen peroxide _ V H 2 O2 ¼ 34
0:59 Â 10 6 (mL). Taking the mass of the enhanced fuel m f 2 ¼ n 1 132 þ x þ 16y À Á (kg), the mass of air needed for stoichiometric burning of this fuel can be calculated as m air st ¼ 137:28n 3 (kg), with n 3 ¼ n 1 ð11 þ will be
137:28ð11þ The limits are represented by circles and these were found experimentally using the 60 per cent probability of ignition criterion out of a total of five attemptsthus, there are three circles for one ignition limit. These are expected to coincide or to be very close. The crosses represent failed ignition attempts and the squares show all other attempts where combustion was initiated (light attempts) but were either above the lean limit or, if below, did not pass the 60 per cent probability of ignition criterion. One can observe in all Figs 2 to 5 that the presence of the H 2 O 2 at the site where ignition takes place has resulted in the lowering of the fuel-air mixture strength È which is required for sustainable ignition. In other words, a small amount of additive has aided the ignition process at equivalence ratios much lower than the normal lean limit.
In particular, in Fig. 2 , at an air mass flow of 0.194(AE0.003) kg/s, the lean ignition limit with no additive was at an equivalence ratio of 0.2736 (AE8E-04). By changing the hydrogen peroxide rate, at intervals of 2.7, 5.4, and 10.8 mL/s for each case, the limit was changed to 0.2348(AE5E-04), 0.218(AE14E-04), and 0.2168(AE3E-4), respectively. Thus, the result, which can be seen in Fig. 2 , is at least a 20 per cent improvement in the ignitability limit by the insertion of 5.4 and 10.8 mL/s of hydrogen peroxide. A summary of the graphs in Figs 2 to 5 for Table 1 and as a graphical representation in Fig. 6 . Furthermore, the ability of the modified FDI to ignite fuel mixtures which would otherwise not ignite is emphasized in Table 1 . Even with only the addition of small volumes of hydrogen peroxide, there was considerable improvement achieved in the ignition system. With the presence of hydrogen peroxide as a plasma medium, the same igniter can achieve ignition at lower lean limits and at higher air flows.
Moreover, at higher air flows, where the energy losses are increasing with turbulence, the differences in the igniter performance become more enhanced. Normally, increasing the air mass flow -hence the velocity inside the combustor -would resolve in a richer mixture with a higher burning velocity being needed. With the addition of the hydrogen peroxide at ignition, the mixture strength was decreased by at least 20 per cent even at increased air mass flowrates. The results of Figs 2 to 6 indicate, without doubt, an enhancement effect that originates from the fact that liquid hydrogen peroxide was added into the ignition mechanism.
When comparing the injection rates 2.7 and 5.4 mL/ s in Fig. 6 , the differences in the improvement of the ignition limits tend to become small as the air mass flowrate is increased. In the same figure, the 10.8 mL/s H 2 O 2 injection rate contributes to a significant improvement of about 44 per cent of the ignition limit at about 0.604 kg/s of the engine's air mass flow. On the other hand, at the lowest air mass flow (about 0.194 kg/s), the same H 2 O 2 injection rate of 10.8 mL/s does not produce a significant enhancement (stays to about 20 per cent) in the ignition limit when compared with the lower H 2 O 2 injection rate of 5.4 mL/s. Moreover, at the highest air mass flow (about 0.805 kg/s), the 10.8 mL/s H 2 O 2 injection rate is less efficient than the two other H 2 O 2 injection rates. This behaviour suggests that there is an optimum combination of hydrogen peroxide injection rate and engine's air mass flowrate.
Energy calculations
Adding H 2 O 2 to the mixture adds also energy. Hence, it is considered important to calculate the maximum energy that was added to the fuel. This case study, investigates the energy gained by the dissociation of the hydrogen peroxide which is promoted by the spark. The calculations involve the maximum net energy that would be possible to exist, by the addition of H 2 O 2 to the kerosene fuel, at the time of ignition, if there were no energy losses. It is assumed as a possible scenario here that when the hydrogen peroxide is ejected into the cavity of the igniter the liquid vaporizes (3) and then dissociates (4) to give away the energy that the H 2 O 2 carries
The heat of vaporization of H 2 O 2 was taken from the literature as 481.1 (cal/g) [29] and the enthalpy of decomposition as 2.78 (MJ/kg). The net specific energy of the kerosene fuel was given by the supplier as 43.2 MJ/kg.
Although the amount of hydrogen peroxide that is present at ignition cannot accurately be quantified, the highest energy gain which will occur if the whole amount of H 2 O 2 were to reside inside the combustor, as hydrogen peroxide vapour, can be calculated. In such a case, the total amount of H 2 O 2 -from the start of ejection until the time of ignition -is assumed to be present inside the combustion chamber. In this way, a high value of maximum energy can be calculated which is the total of the net energy of the Jet A 1 plus the energy gained by the dissociation of the total infused hydrogen peroxide vapour at the time of each successful ignition t ign :
To account for a low value of maximum net energy with the above assumptions, a second scenario is studied. In this scenario, the hydrogen peroxide amount present at the time of each successful ignition depended on the maximum residence time of a Enhancement of ignition of a gas turbinestreamline which had the location of the igniter as start point. This residence time was calculated to be 0.147 s using the commercial CFX-5 code and by modelling the fluid dynamics of the air (at 0.2 kg/s inlet velocity) flowing inside the combustor before ignition and assuming a steady-state condition.
with Át ¼ 0:147s ð6Þ
As described above, these two values are devised to account for the energy gain by the hydrogen peroxide decomposition in two different cases but with no energy losses. It should be noted that in the experiments there will be heat losses so that the additional energy gain from the hydrogen peroxide will be lower than the calculated values.
The difference between the calculated maximum high and maximum low net energy values for each ignition point at the lean limit lies below 0.2 per cent. The difference is negligible compared to the 15-20 per cent reduction achieved in the energy that is present at the lean ignition limits, when adding H 2 O 2 (Fig. 7) . The energy gained by the dissociation of the added H 2 O 2 is almost insignificant and Table 1 . The lines represent second-order polynomials passing approximately near the data points which correspond to the ignition limits for each hydrogen peroxide volume flowrate. The circles indicate three consecutive successful ignitions (60 per cent probability of ignition criterion) at the limit of ignition for each case. Test conditions are ambient this is due to the very small volumes of H 2 O 2 injected which are of the order of mL/s. For this reason, only one of the two calculated maximum net energy values was plotted when comparing the available energy at ignition for each hydrogen peroxide injection rate case. In particular, Fig. 7 shows the calculated high value of maximum net energy of the system at the time of ignition against air mass flowrate for all hydrogen peroxide settings. Comparing the corresponding values at the same air mass flows in Fig. 7 , it can be deduced that ignition with the addition of hydrogen peroxide is achieved at lower values of maximum net energy than without. This observation is enhanced by the fact that the calculations do not account for any energy losses, as mentioned above. Therefore, the additional energy gain by the dissociation of hydrogen peroxide, if it exists, should be lower than either value calculated by the two methods. This means that the system with the additional H 2 O 2 required less energy to ignite the combustible mixture at the same initial conditions. Although the dissociation of H 2 O 2 adds some energy to the local system, this energy gain is very small when compared to the energy decrease accompanying the lowering of the fuel supply and while the mixture is still able to ignite with the help of the hydrogen peroxide. Therefore, the result in terms of energy is that the requirement for the mixture to successfully ignite (using the 60 per cent probability of ignition criterion) has been decreased. Hence, the improvement in the ignition performance is not due to an energy directly being supplied by the injection of H 2 O 2 , but due to the actual increase in the ignitor's performance.
Temperature gradient plots
Usually, in a gas turbine engine, there are a number of combustion chambers. The ignition sequence can be divided into three distinct phases [14, 30] .
(1) At first, a hot kernel must be initiated. (2) The hot kernel produced by the igniter heats the mixture and initiates the first flame in the burner and (3) after the first ignition, the flame front must propagate to the neighbouring combustors until all of them are active. In the previous paragraphs, attention was given to phases (1) and (2) . Although the propagation of the flame (3) is difficult to be assessed, an attempt is made here by showing the rate of change of the combustion temperature pulling away to idle. This case study investigates the temperature increase with time after ignition. For this purpose, similar equivalence ratio cases, which showed successful ignition, were selected that corresponded to a range of hydrogen peroxide volume rates. For each setting, an average temperature profile was calculated from cases of similar equivalence ratios. Comparison was then made between the average temperature profiles of the different H 2 O 2 insertion rates but at similar values of equivalence ratio and at the same air mass flows. Only average temperature profiles were compared in this study and the position of the thermocouples remained unchanged. Figures 8 to 10 are examples of such plots. In Fig. 8 , it can be seen that for an air mass flow of 0.194(AE0.003) kg/s, the average temperature after ignition, is increasing faster when injecting 5.4 mL/s of H 2 O 2 than without. The equivalence ratios Fig. 7 Maximum net energy of fuel and hydrogen peroxide at the time of ignition. The maximum energy is calculated using the hydrogen peroxide volume that was ejected up to the time of ignition. As the hydrogen peroxide rate increases, the equivalence ratio at the lean limit of ignition decreases and the maximum net energy available at the time of ignition is also decreased. Test conditions are ambient
Enhancement of ignition of a gas turbineinvestigated in Fig. 8 Table 2 ).
Statistical calculations
The total volume of H 2 O 2 that was injected inside the combustor was calculated in order to show how much it was used during all the experiments. The total time of the experiments was found by summing all the individual times for each experiment. Each experimental time includes the time for ignition t 0 plus 10 s to burn the fuel plus 10 s to cool the engine for each case as described in subsection 2.2. The volume of hydrogen peroxide used was found to be 9.35 mL for 2 h of ignition experiments. The cost of the hydrogen peroxide for 2 h of ignition experiments was £0.65 by today's price, which is £34.60 per 500 mL delivered. The cost therefore is minimal when considering the advantages from the decrease in the lean ignition limits.
CONCLUSIONS
A number of experiments were conducted on a conventional Olympus liner at air mass flows of about 0.2, 0.4, 0.6, and 0.8 kg/s. For each air mass flow, hydrogen peroxide was injected to the cavity of a modified focus discharge igniter at volume rates of 0, 2.7, 5.4, and 10.8 mL/s. The experimental results showed good consistency. The following were concluded.
1. The addition of small volumes of hydrogen peroxide helped to extend the lean operational limits of the engine. Enhancement of ignition of a gas turbine2. Although a higher equivalence ratio was calculated by assuming enhancement of the fuel by the H 2 O 2 addition, the strength of the mixture was decreased at the lean ignition limit. 3. A maximum of 44 per cent improvement, in terms of È, in the lean ignition limit was achieved at an air mass flow of 0.604(AE0.009) kg/s with the insertion of 10.8 mL/s hydrogen peroxide at a 50 per cent by weight solution in water. 4 . Figures 2 to 6 imply that there is an optimum combination of hydrogen peroxide rate and engine's air mass flowrate. 5. While lower lean ignitability limits were achieved, the net energy of the fuel that was present in the combustor at the instant of ignition was also decreased. 6. The energy that was added to the fuel by the decomposition of hydrogen peroxide is not the full explanation of the improvement in ignition.
The implication of these experiments is that ignition was aided by the additional radicals, associated with the H 2 O 2 , when this medium was introduced at the cavity of the ignitor and during the ignition phase only. 7. The temperature profile graphs further highlight the improvement in ignition experienced by the addition of hydrogen peroxide. The increased temperature gradients suggest that the reaction rate of the kerosene-air mixture, at the same equivalence ratios, was increased by the addition of hydrogen peroxide. 8. The maximum, minimum, and mean ignition times at the limits of ignition were decreased by at least 10 per cent, 13 per cent, and 22 per cent, respectively, by the introduction of the liquid hydrogen peroxide. The mean ignition time for all experiments was also reduced by at least 17 per cent by the presence of the hydrogen peroxide. 9. The mean ignition time at the lean limits of ignition for the 10.8 mL/s H 2 O 2 injection rate case was decreased by 43 per cent. 10. The insertion of hydrogen peroxide played a key role in the chemical process of ignition.
FUTURE SCOPE OF STUDY
There is evidence to suggest that the improved ignition shown in this study can be achieved with other air-fuel mixtures when burned in gas turbine engines. Future experiments will study this area by investigating the ignition of a bio-diesel fuel.
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